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VIROSOME - MEDIATED INTRACELLULAR DELIVERY OF 
5 THERAPEUTIC AGENTS 

Background Of The Invention 

10 The present invention relates to virosome 

compositions for pharmaceutical use. More particularly, the 
present invention relates to compositions of virosomes, 
consisting of liposomes with a functionally reconstituted 
viral membrane fusion protein, such as the influenza virus 

15 hemagglutinin, contained in their membranes, combined with 
therapeutic agents encapsulated in the aqueous lumen of the 
virosomes and/ or contained in the virosomal membrane. The 
viral protein mediates fusion of the virosomal membrane with a 
cellular membrane and, therefore, facilitates delivery of the 

20 therapeutic agents into the cell. 

Liposomes have been considered promising vehicles 
for targeting and delivery of biologically or 
pharmacologically active substances to living cells both in 
vitro and in vivo (Gregoriadis, Liposome Technology. CRC 

25 Press, Boca Raton, Fl. , 2d ed. , 1993). However, liposomes 

have little potential to fuse with cells and thus, generally 
fail to provide appreciable delivery of encapsulated molecules 
to the cell cytoplasm. Attempts to circumvent the 
refractoriness of liposomes to fusion have included preparing 

30 liposomes with different lipid compositions. For example, the 
so-called pH-sensitive liposomes seek to exploit the primary 
mechanism of cellular uptake of liposomes via endocytpsis. As 
the endosomal cell compartment is acidic (Mellman et al., Ann. 
Rev. Biochem. . 55:663 (1986)), pH-sensitive liposomes are 

35 designed to disintegrate following endocytosis (see, e.g., 
Conner et al., Proc. Natl. Acad. Sci. USA . 81:1715 (1984); 
Wang and Huang, Proc. Natl. Acad. Sci. USA r 84:7851 (1987); 
Nair et al., J. Exp, fled., 175:609 (1992)). pH-sensitive 
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liposomes are unlikely to actually fuse with the endosomal 
membranes, however. When the pH surrounding the liposome is 
below the value of the pK a of an ionizable compound in the 
liposomal membrane, the compound becomes protonated and loses 
its ability to stabilize the vesicles. Consequently, the 
liposomes disintegrate and release their contents into the 
lumen of the endosome. In the course of this process a small 
fraction of the encapsulated contents may gain access to the 
cell cytoplasm through a concomitant transient and local 
destabilization of the endosomal membrane (Chu et al., 
Pharmaceut. Res. 7:824 (1990)). However, in general the 
efficiency of cytoplasmic delivery is low (Chu et al., id. ; 
Legendre and Szoka, Pharmaceut. Res. 9:1235 (1992)). In 
addition, it is uncertain whether pH-sensitive liposomes can 
effectively be applied in vivo as it has been reported that 
pH-sensitive liposome compositions that allow for a complete 
release of liposomal contents at low pH are inherently 
unstable in human serum at 37 °C (Tari et al., in Liposome 
Technology, supra) . 

Other attempts to enhance liposomal cytoplasmic drug 
delivery employ membrane formulations including cationic 
lipids. These liposomes have been designed specifically for 
transferring nucleic acids to cells. The DNA or RNA is 
complexed to small unilamellar liposomes composed of 
dioleoylphosphatidylethanolamine and cationic lipids, such as 
tf-[l-(2,3-dioleyloxy)propyl] -W^W-trimethyl ammonium chloride 
(DOTMA; Feigner et al. , Proc. Natl . Acad. Sci. USA, 84:7413 
(1987)), or DOTAP, DDAB, etc. These liposomes interact with 
the plasma membranes of cells allowing translocation of 
nucleic acids into the cytoplasm. It is also possible that 
the nucleic acid-liposome complexes are endocytosed and that 
the actual translocation of the nucleic acids to the cytosol 
occurs from within the acidic endosomes. The DOTMA-containing 
liposome formulation has become commercially available under 
the name Lipof ectin" . Although it recently has been 
demonstrated that Lipofectin can successfully be applied to 
pulmonary tissue via inhalation (Hyde et al., Nature, 362:250 
(1993)), it is uncertain whether cationic lipid formulations 
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can be applied in vivo when injected into tissues or into the 
circulation. 

What are needed in the art are methods for efficient 
and reliable introduction of encapsulated drugs and other 
therapeutic compounds into the cytoplasm of cells. In such 
methods the induction of membrane fusion between the 
encapsulating vesicle and the cell membrane is imperative to 
achieve efficient delivery of the encapsulated substances to 
cells. The methods should be useful for introducing a wide 
variety of compounds into cells. Quite surprisingly, the 
present invention fulfills these and other related needs. 

Summary Q£ The Invention 

The present invention provides pharmaceutical 
compositions for treatment of hosts. The compositions 
generally comprise a virosome having a membrane and an aqueous 
interior, wherein a viral membrane fusion protein, e.g., 
influenza hemagglutinin protein, is contained in the membrane, 
and further comprising a therapeutic compound contained in the 
virosome and a pharmaceutical^ acceptable carrier. The 
therapeutic compound may be carried in the aqueous interior or 
in the membrane of the virosome. Nucleic acids, proteins, 
peptides, and other compounds may be carried in the 
compositions of the present invention. Generally, the 
hemagglutinin is derived from influenza A. 

Also provided are methods for introducing 
therapeutic compounds into cells of a host. The methods 
typically include contacting the cell with a virosome 
containing the therapeutic compound. A wide variety of 
compounds may be introduced into host cells by the present 
methods. The virosomes may be administered to the host by a 
variety of routes, including by parenteral, topical or 
inhalation administration. 
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Brief Description Of T he Drawings 

Fig. 1 illustrates that the fusion of reconstituted 
influenza virosomes with erythrocyte membranes is dependent on 
low pH. 

Fig. 2 illustrates the fusion of influenza virosomes 
from within BHK cell endosomes as monitored by a decrease of 
pyrene excimer fluorescence and the blocking of fusion by 
NH 4 C1, an inhibitor of endosomal acidification. 

Fig. 3 illustrates that delivery of diphtheria toxin 
A chain encapsulated in fusogenic virosomes induces complete 
inhibition of the cellular protein synthesis in BHK-21 cells, 
whereas free DTA or empty virosomes have no effect on protein 
synthesis, and that the effect of virosome-encapsulated DTA is 
blocked completely by NH 4 C1, or by pretreatment of the 
virosomes at low pH causing an irreversible inactivation of 
their fusion activity. 

Fig. 4 illustrates the time course of gelonin 
delivery to BHK cells, as mediated by influenza virosomes 
fusing from within endosomes. 

Fig. 5 depicts gelonin delivery to BHK-21 cells 
mediated by influenza virosomes fusing from within endosomes. 

Fig. 6 demonstrates that influenza virosomes can 
fuse with the plasma membrane of BHK cells, thereby mediating 
intracellular delivery of encapsulated gelonin. 

Fig. 7 illustrates titration of gelonin-mediated 
inhibition of protein synthesis to a level corresponding to a 
single virosome fusing per cell. 

Fig. 8 shows the expression of /J-Gal in transfected 
BHK cells as a function of % DODAC in the fusion protein TCS. 

Fig. 9 shows the DNA binding capacity of the 
virosomes containing 30 mol % DODAC, where increasing amounts 
of 3 H-pCMV/3-gal were added to virosomes and, after incubation 
and centrifugation, radioactivity determined in the pellet (•, 
■) and in the supernatant (a, t) of two independent 
experiments . 

Fig. 10 shows the expression of j3-Gal in transfected 
BHK cells as a function of DNA added per well complexed to virosomes 
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Description Of The Specific Embodiments 

The present invention provides compositions and 
methods for introducing a therapeutic compound into cells of a 
host. Liposomes having membrane-bound viral envelope fusion 
protein (referred to herein as "virosomes") are employed as 
carriers for the therapeutic compounds. As explained in more 
detail below, the viral fusion protein facilitates membrane 
fusion between the virosome and cell membranes to release the 
therapeutic compound into the cell cytoplasm. 

"Liposome" , "vesicle" and "liposome vesicle" will be 
understood to indicate structures having lipid-containing 
membranes enclosing an aqueous interior. The structures may 
have one or more lipid membranes unless otherwise indicated, 
although generally the liposomes will have only one membrane. 
Such single-layered liposomes are referred to herein as 
"unilamellar". Multilayer liposomes are referred to herein as 
"multilamellar" . 

The virosomes present in the pharmaceutical 
compositions of the present invention have at least one viral 
fusion protein, such as influenza hemagglutinin, in the 
membranes of the liposomes. This structure typically requires 
insertion of the viral fusion protein in the liposome membrane 
during preparation, as generally described in Bron et al., 
Meth. Enzymol. . 220:313-331 (1993) and Stegmann et al. , EMBO 
j, 6:2651-2659 (1987), incorporated herein by reference. The 
virosomes can also be prepared from other viruses which have 
lipid bilayer envelopes, such as Semliki Forest virus 
containing the viral fusion protein E1-E2, vesicular 
stomatitis virus having the G protein as a membrane fusion 
protein, Sendai virus having the HN and F membrane fusion 
proteins, and others. 

For preparing virosomes, the viral membrane fusion 
protein such as, e.g., hemagglutinin, is often purified from 
the corresponding virus, but it can also be produced by 
recombinant techniques. Purification of hemagglutinin from 
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viral stocks is described in more detail below. Hemagglutinin 
from human strains of influenza A, influenza B, or influenza 
C, or animal (avian, swine , equine, and the like) influenza 
strains may be used to prepare the virosomes, although 
influenza A hemagglutinin is generally preferred, A wide 
variety of suitable virus stocks are generally available as a 
hemagglutinin source, such as may be available from the 
American Type Culture Collection (ATCC) , Rockville MD, or 
other sources. 

Influenza virus has a lipid bilayer envelope. The 
virions acquire this membrane as they bud from the plasma 
membrane of an infected host cell. Enveloped viruses, in 
general, utilize membrane fusion to introduce their genome 
into the cytoplasm of new host cells during subsequent rounds 
of infection (see, e.g., White, Ann. Rev. Phvsiol. . 52:675-697 
(1990)). This fusion reaction may either occur at the level 
of the host cell plasma membrane, or within acidic endosomes 
after uptake of intact virions through receptor-mediated 
endocytosis. During endocytic cellular infection, the target 
membrane for fusion of the viral envelope is the limiting 
membrane of the endosomal cell compartment. 

Influenza membrane fusion capacity is activated only 
under mildly acidic conditions. Low-pH-dependent viruses, 
such as influenza virus, must utilize the endocytic route of 
cellular infection for exposure to the necessary acidic 
conditions, which they encounter in the lumen of the endosomes 
(Mellman et al., Ann. Rev. Biochem. 55:663-700 (1986)). 
Fusion at the plasma membrane is precluded by the strict pH 
dependence of their fusion activity. Infection of cells by 
low-pH-dependent viruses can be blocked by inhibitors of 
vacuolar acidification, such as chloroquine or NH 4 C1. In 
cultured cell systems influenza virus can be induced to fuse 
with the cell plasma membrane by a transient lowering of the 
pH in the extracellular medium. 

The influenza virus membrane contains two major 
integral spike glycoproteins, hemagglutinin (HA) and 
neuraminidase (NA) . The infectious entry of the virions into 
the host cell is mediated by hemagglutinin. First, HA binds 
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to sialic-acid-containing receptors on the cell surface. 
Second, following the internalization of the virus particles 
into the endosomal cell compartment (Stegmann et al., Biochim. 
Biophvs. Acta . 904:165-170 (1987) ) , the HA also triggers the 
fusion reaction with the endosomal membrane. 

The HA spike, protruding some 13.5 nm from the viral 
surface, is a homotrimeric molecule. Each monomer consists of 
two disul fide-linked subunits: HA1 (47 kD) and HA2 (28 kD) , 
which are generated from a single polypeptide chain, HAO (75 
kD) , by posttranslational cleavage by a host-cell protease. 
The globular HA1 domains contain the sialic-acid binding 
pockets. The N-terminus of HA2, generated by the post- 
translational cleavage of HAO, appears crucial for the 
expression of fusion activity of HA: Uncleaved HAO is not 
fusion-active, while site-specific mutations within this 
region of the molecule severely affect the fusion activity of 
HA (Gething et al. , J. Cell Biol. . 102:11-23 (1986)). The 
N-terminus of HA2, the so-called "fusion peptide", is a 
conserved stretch of some 20 amino acid residues that are 
mostly hydrophobic in nature (White, supra ) . At neutral pH 
the fusion peptides are buried within the stem of the HA 
trimer about 3.5 nm from the viral surface. However, at low 
pH an irreversible conformational change in the HA results in 
their exposure (White and Wilson, J. Cell Biol.. 105:2887-2896 
(1987)). 

Influenza virus envelopes, including the 
hemagglutinin, can be solubilized by treatment of virus 
particles with a detergent. Nonionic detergents having a 
relatively low critical micellar concentration (CMC) are 
generally used to solubilize the envelope membranes. 
Octaethyleneglycol mono (n-dodecyl) ether (C 12 E 8 ) and Triton X- 
100 may be used for solubilization, although other nonionic 
detergents may also be employed. 

One potential disadvantage of using low- CMC 
detergents for solubilization and reconstitution of viral 
envelopes is that they can not be easily removed from the 
system by, e.g., dialysis. Detergents with a relatively high 
CMC such as N-octyl-j3-D-glucopyranoside (octyl glucoside; CMC 
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of about 20 nM) , may be used to solubilize influenza virus 
envelopes. However, fusogenic virosomes are not readily 
prepared by subsequent removal of the octyl glucoside 
detergent. During dialysis, the hemagglutinin appears to 
5 concentrate primarily in lipid-poor aggregates with a very 

limited aqueous space, while the viral lipid is recovered in . 
protein-poor vesicles. Although these vesicles exhibit some 
HA -mediated membrane fusion activity, only a small fraction of 
the HA is recovered in these vesicles (Stegmann et al., 
10 supra ) . 

To obtain virus for solubilization, influenza virus 
is grown to high titers on cultured cells (e.g., Madin-Darby 
Kidney cells, or MDCK) or in the allantoic cavity of 10-day- 
old embryonated chicken eggs. To purify the virus from the 

15 allantoic fluid the harvested allantoic fluid is centrifuged 
(e.g., at 1000 g for 15 min in the cold) to remove debris, 
after which the virus is sedimented from the supernatant 
(e.g., at 75,000 g for 90 min at 4°). The virus pellet is 
resuspended in buffer such as "HNE" (150 mM NaCl, 0.1 mM EDTA, 

20 and 5 mM HEPES, adjusted to pH 7.4) and subjected to sucrose 
gradient centrifugation (e.g., 10-60%, w/v, linear sucrose 
gradient in HNE at 100,000 g for 16 hr at 4°). The virus 
equilibrates as a single band at approximately 45% (w/v) 
sucrose. The band is collected, then frozen in small aliquots 

25 at -80°. Virus can also be purified by a one-step affinity 

column chromatography, which is particularly useful with virus 
which has been obtained from cell culture. The protein 
content of virus preparations can be determined according to 
Peterson, Anal. Biochem. . 83:346 (1977), incorporated herein 

30 by reference, and the phospholipid content, after quantitative 
extraction of the lipids from a known amount of virus, 
determined according to Bottcher et al., Anal . Chim . Acta . 
24:203 (1961) , incorporated herein by reference. 

For solubilization of viral envelopes a detergent 

35 such as, e.g., C 12 E 8 (Nikko Chemicals, Tokyo, Japan; Fluka, 

Buchs, Switzerland; or Calbiochem, San Diego, CA) is dissolved 
in HNE at a concentration of about 100 mM. BioBeads SM2 (Bio- 
Rad, Richmond, CA) or the like are washed with methanol and 



SUBSTITUTE SHEET 



WO 95/32706 



PCT/CA95/00321 



9 

subsequently with water, according to Holloway, Anal. 
Biochem. . 55:304 (1973), incorporated herein by reference, and 
stored under water. Just before use the beads are drained on 
filter paper and weighed. Sucrose solutions for gradient 
centrifugation are made in HNE on a weight per volume basis. 

A representative method for producing the virosomes 
of the invention is now described, although it will be 
understood that the procedure can be subjected to 
modifications in various aspects without affecting the 
outcome. As described more fully below in the experimental 
section, influenza virus (the equivalent of about 1.5 /nnol 
membrane phospholipid) is diluted in HNE and sedimented (e.g., 
for 30 min at 50,000 g in a Beckman Ti50 rotor) at 4°. HNE 
buffer containing detergent is added to the pellet (e.g., 0.7 
ml of 100 mM C 12 E 8 ) and the P e H e<t resuspended and 
solubilization allowed to occur for another 15 min on ice. 
Subsequently, the viral nucleocapsid is removed by 
centrifugation (e.g., for 30 min at 85,000 g at 4°) and a 
small sample of the supernatant can be taken at this stage for 
protein and phospholipid analysis. Of the initial viral 
protein and phospholipid, 35% (representing almost all of the 
membrane protein) and over 90%, respectively, may be recovered 
in the supernatant. The supernatant (e.g., 0.63 ml) is 
transferred to a 1.5-ml Eppendorf vial containing pre-washed 
BioBeads SM2 (e.g., 180 mg, wet weight) and the supernatant 
gently mixed with the beads. An additional amount of BioBeads 
(e.g., 90 mg wet) is added and mixing continued. The 
formation of vesicular structures is indicated when the 
suspension becomes turbid. An alternative procedure for 
removing the detergent from small volumes is according to 
Lundberg et al., Biochim. Bionhvs, Acta 1149: 305 (1993), 
which is incorporated herein by reference. BioBeads are 
packed into a minicolumn and the preparation run through the 
column. A centrifugation procedure or applying negative 
pressure can be used to force the preparation through the 
column. The column procedure provides more flexibility in 
terms of the ratio of the amount of BioBeads used and the 
volume of the preparation. The virosome suspension is then 
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centrifuged on a discontinuous sucrose gradient (e.g., 10-40% 
(w/v) for 90 min at 130,000 g at 4 °) , and the virosomes appear 
as a thin opalescent band and are collected from the interface 
between the two sucrose-containing layers. 

Other lipids can also be added to the virosome 
membranes during preparation. Fusion activity of the 
virosomes is optimally maintained when lipids similar to those 
of viral origin or lipid mixtures which closely resemble the 
lipid composition of the viral envelope are added. These 
lipids comprise cholesterol and phospholipids such as 
phosphatidylcholine (PC), sphingomyelin (SPM) , 
phosphatidylethanolamine (PE) , and phosphatidyl serine (PS). 
However, other phospholipids may also be added. These 
include, but are not limited to, phosphatidylglycerol (PG) , 
phosphatidic acid (PA) , cardiolipin (CL) , and 
phosphatidyl inositol (PI) , with varying fatty acyl 
compositions and of natural and/or (semi) synthetic origin, and 
dicetyl phosphate. Ceramide and various glycolipids, such as 
cerebrosides or gangliosides, may also be added. Cationic 
lipids may also be added, e.g., for concentrating nucleic 
acids in the virosomes and/or for facilitating virosome- 
mediated delivery of nucleic acids to cells. These include 
DOTMA, DOTAP (N-[ 1- ( 2 , 3-dioleoyloxy) propyl] - N,N,N - 
trimethylammonium chloride), DODAC (N,N - dioleyl - N,N, 
dimethylammonium chloride) , DDAB and stearylamine or other 
aliphatic amines and the like. DODAC is a preferred cationic 
lipid for complexing nucleic acids to the virosome and the 
ensuing delivery of nucleic acids to cells, and is described 
in copending application U.S. Serial No. 08/316,399, 
incorporated herein by reference. Particularly preferred 
concentrations of DODAC range from 25-45% (mol % of total 
phospholiphids in the virus), more preferably 30-40%, and most 
preferably about 30% for the delivery of a nucleic acid such 
as DNA or antisense RNA to a cell. Additional lipids which 
may be suitable for use in the virosomes of the present 
invention are well known to persons of skill in the art. 
Nucleic acids such as oligonucleotides and DNA can also be 
encapsulated in virosomes after condensation with polylysine 
to form particles that are then enclosed within a virosome for 
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delivery to a cell rather than being complexed to it, thereby 
minimizing or avoiding , if desired, the use of a cat ionic 
lipid. Furthermore, encapsulated DNA is protected from DNase 
degradation. 

Typically, in a virosome preparation procedure 
involving additional lipids, the additional lipids are dried 
from a mixed solution in chloroform/methanol to a film at the 
bottom of a tube by evaporation of the solvent and subsequent 
exposure to vacuum for 1 h. Then the supernatant fraction 
obtained after solubilization of the viral envelope in 
detergent (e.g., C 12 E 8 ) anci sedimentation of the nucleocapsid 
by ultracentrifugation is added to the film. The quantities 
of additional lipid and supernatant are chosen such that the 
desired ratio of viral to additional lipid is obtained. The 
detergent is then removed via treatment with BioBeads or the 
like as described above. 

Generally, the virosomes should resemble a viral 
envelope in structure and composition as closely as possible. 
The virosome preparation should generally consist of a 
relatively uniform population of vesicles in terms of size and 
protein- to-lipid ratio. Residual detergent should be minimal 
and not interfere with virosome function. The virosomes 
should mimic the biological activity of the native viral 
envelope. Generally, the virosomes should exhibit pH- 
dependent membrane fusion activity. 

Virosomes can also be prepared with viral fusion 
proteins having different pH sensitivities, derived from, e.g. 
different influenza virus strains. The different pH 
sensitivities of the virosome can be taken advantage of to 
prepare virosome-liposome hybrids that encapsulate and deliver 
large therapeutic molecules such as DNA or proteins that may 
be difficult to encapsulate directly and with high efficiency 
in virosomes prepared according to the above protocol. A 
liposome is first prepared which encapsulates the therapeutic 
agent with high efficiency. The liposome is then fused with 
the virosome at the pH of the viral membrane fusion protein 
having the higher pH threshold for fusion. This results in a 
virosome-liposome hybrid containing the encapsulated 
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therapeutic agent. The virosome-liposome hybrid is then used 
to deliver the encapsulated therapeutic agent to the cytosol 
of cells by fusion triggered at the pH of the viral fusion 
protein with the lower pH threshold for fusion. 

The incorporation of hemagglutinin in reconstituted 
vesicles is readily assessed by equilibrium density-gradient 
analysis. The virosome preparation, collected from the 
discontinuous sucrose gradient, is diluted with HNE and 
applied to a linear sucrose gradient in HNE (e.g., 10-60% 
(w/v)) and the gradient centrifuged (e.g., at 170,000 g for 30 
hr at 4°), after which fractions are collected and analyzed 
for protein and phospholipid content. The virosomes appear as 
a single band, containing both protein and phospholipids. The 
density of the virosomes will differ depending on the presence 
of additional lipids. In general, the density will decrease 
when the ratio of additional lipids to viral lipids increases. 

Analysis of influenza virosomes by sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) may be 
performed to confirm that the virosomes contain the 
hemagglutinin protein. The viral nucleoprotein NP, the matrix 
protein Ml the minor integral membrane protein of influenza 
virus, M2, are generally not detectable in such analysis. The 
virosomes have a protein-to-(phospho) lipid ratio that is 
similar to the ratio in the solubilization mixture after 
sedimentation of the nucleocapsid, but which will change when 
additional lipid is added to the virosome preparation. 

Recovery of viral membrane protein and phospholipid 
in the virosome preparation ranges from 30 to 50% relative to 
the initially solubilized material. Residual detergent in 
virosomes prepared according to the above protocol is 
typically about 7.5 mol % relative to the total virosomal 
lipid. This level of detergent generally does not 
significantly affect the fusogenic activity of the virosomes, 
but residual detergent may have an effect on the capacity of 
the virosomes to retain low-molecular- weight encapsulated 
compounds . 

Negative-stain electron microscopy (EM) is the most 
widely applied and accessible technique for assessing the 
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structure and size of virosomes. The staining solution 
preferably has a neutral pH, so as to avoid acid-induced 
conformational changes of the hemagglutinin protein. Briefly, 
a droplet of the virosome suspension, after dialysis against 
isotonic ammonium acetate buffered to neutral pH with 5 mM 
HEPES, is applied to a grid with a carbon-coated Formvar film, 
after glow-discharge of the grid. The specimen is placed 
upside down for 1 min on a droplet of 2% phosphotungstic acid 
(PTA) at neutral pH (or, e.g., 1% sodium silicotungstate of 
neutral pH) , drained and dried in air. 

Fusion of virosomes with biological or artificial 
target membranes can be followed with a fluorescent resonance 
energy transfer assay (RET). In a convenient assay, N-(7- 
nitrobenz-2-oxa-l,3-diazol-4-yl)phosphatidylethanolamine (N- 
NBD-PE) is used as a donor probe and N-(lissamine rhodamine B 
sulfonyl)PE (N-Rh-PE) as the acceptor. A variant of this 
assay, utilizing the same donor N-NBD-PE but a different 
acceptor, cholesterol-anthracene-9-carboxylate (CAC) , may also 
be used. Upon fusion of a membrane, labeled with the N-NBD- 
PE/N-Rh-PE pair, the two fluorophores dilute into the target 
membrane, resulting in a decrease of their overall surface 
density and a concomitant decrease of the RET efficiency. 
This decrease can be followed as an increase of the donor (N- 
NBD-PE) fluorescence. This assay can be used to assess pH- 
dependent fusion of influenza virosomes with a membrane, 
including, e.g., erythrocyte ghosts and BHK cells. 

Another jji vitro means to assess fusion of virosomes 
is an excimer assay using pyrene-labeled lipids. Pyrene 
fluorophores may form excited dimers (excimers) between a 
probe molecule in the excited state and a probe molecule in 
the ground state. The fluorescence emission of the excimer is 
shifted to higher wavelengths by about 100 nm relative to the 
emission of the monomer. Excimer formation is dependent on 
the distance between the probe molecules. Thus, coupled to 
one of the acyl chains of a phospholipid molecule, such as 
phosphatidylcholine (PC) , the pyrene probe provides a 
sensitive measure of the surface density of the labeled 
molecules in a lipid bilayer membrane. On fusion of a pyrene- 
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PC-labeled membrane with an unlabeled membrane, the pyrene-PC 
surface density decrease can be monitored as a reduction of 
the excimer fluorescence. 

The RET probes N-NBD-PE/N-Rh-PE or the Pyrene-PC 
probe (Molecular Probes, Eugene, OR) are incorporated in the 
virosomal membrane as follows. The supernatant obtained after 
solubilization of the viral membrane and sedimentation of the 
nucleocapsid (see above) is added to a dry film of the probe 
(10 mol % with respect to the viral lipid) . The mixture is 
lightly shaken to allow mixing of the probe with the viral 
lipids, and detergent is removed as described above. 

Fusion of the labeled virosomes can be conveniently 
measured using resealed human erythrocyte ghosts as a model 
biological target membrane system. Alternatively, fusion 
activity toward liposomes can be assessed, in which case it is 
important to avoid liposomes consisting primarily of 
negatively charged phospholipids, such as cardiolipin, as 
these appear to support a fusion reaction with influenza virus 
or virosomes, whose characteristics deviate from those of 
fusion with biological membranes. Fusion with liposomes 
consisting of a 2:1 mixture of PC and PE (Avanti Polar Lipids, 
Alabaster, AL) , and containing 5 mol % of the ganglioside G Dta 
or total bovine brain gangliosides (Sigma Chemical Co., St. 
Louis, MO) serving as sialic acid-containing receptors for the 
virus/virosomes, provides a convenient assay. Fusion may also 
be monitored in an on-line fashion using cultured cells as 
targets. Either endocytic uptake of the virosomes at neutral 
pH and subsequent fusion from within endosomes or direct 
fusion with the cell plasma membrane induced by a transient 
lowering of the extracellular pH may be used. 

An alternative to direct assessment of the fusion 
activity of influenza virosomes is determining their hemolytic 
activity. The fusion activity of influenza virosomes, 
produced according to the procedure described above, typically 
corresponds closely to hemolytic activity, exhibiting a pH 
dependence identical to that of fusion. Hemolytic activity of 
influenza virosomes may be determined by, for example, adding 
the virosomes (the equivalent of 1 nmol of phospholipid, in a 
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volume of 25 to 4 x 10 7 washed human erythrocytes in 975 
fil fusion buffer (135 mM NaCl, 15 mM sodium citrate, 10 mM 
MES, 5 mM HEPES) , set to various pH values. After incubation 
at 37° for 30 min, the mixture is centrifuged for 3 min at 
1350 g. Lysis of erythrocytes is quantified by the 
measurement of absorbance of the hemoglobin in the supernatant 
at 541 nm. Maximal hemolysis is determined after lysis of the 
erythrocytes in distilled water. 

Additional components may be added to the virosomes 
to target the virosomes to specific cell types. For example, 
the virosomes can be conjugated to monoclonal antibodies that 
bind to epitopes present only on specific cell types. For 
example, monoclonal antibodies may bind specifically to 
cancer- related antigens providing a means for targeting the 
virosomes following systemic administration. Alternatively, 
ligands that bind surface receptors of the target cell types 
may also be bound to' the virosomes. Other means for targeting 
liposomes may also be employed in the present invention. 

The fusogenic virosomes are employed to carry 
therapeutic compounds for introduction into cells. As used 
herein, "therapeutic compound" is meant to indicate a 
synthetic compound suitable for therapeutic use. "Therapeutic 
compound" is meant to include, e.g. , nucleic acids (antisense, 
DNA) , proteins, peptides, oncolytics, anti-infectives, 
anxiolytics, psychotropics, ionotropes, toxins such as gelonin 
and inhibitors of eucaryotic protein synthesis, and the like. 
"Synthetic compounds" are compounds that are not naturally 
occurring or compounds that are isolated from the environment 
in which they naturally occur. 

The therapeutic compound may be carried in the 
aqueous interior of the virosome or in the lipid membrane of 
the virosome. A variety of therapeutic compounds may be 
carried in the virosomes of the present invention. The 
virosomes provide a means for facilitated entry of the 
therapeutic compounds into the cells. 

Particularly useful is encapsulation of therapeutic 
compounds that are active within the cytoplasm of host cells. 
Such compounds include, e.g., DNA encoding proteins or 
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peptides operably linked to a promoter active in the host 
cell, RNA encoding a protein or peptide, nucleic acids such as 
antisense oligonucleotides (as described in, e.g., WO 93/09813 
and WO 93/01286, both incorporated herein by reference) and 
5 ribozymes (e.g., U.S. Patent Nos. 4,987,071, 5,254,678, and WO 
94/26877, each incorporated herein by reference), oncolytic 
agents, anti-inflammatory agents, cardiovascular agents, anti- 
infective agents, psychotropic agents, and the like. The 
therapeutic compounds are delivered into the host cell 
10 cytoplasm upon fusion of the virosome with the endosome or 
plasma membrane. 

The therapeutic compounds will generally be foreign 
to the host. By "foreign," it is meant a compound that is not 
naturally present in the host. Alternatively, the therapeutic 
15 compound may not be foreign to the host. The compound may 

naturally occur within the host. For example, nucleic acids 
encoding a naturally occurring protein may be introduced into 
host cells to increase expression of the protein in the cells. 
The nucleic acid can be either DNA or RNA. For expression, 
20 the nucleic acid will typically comprise at least the 
following operably linked elements: a transcriptional 
promoter, a gene encoding the desired therapeutic protein, and 
a transcriptional terminator. 

Therapeutic compounds may be incorporated into the 
25 virosome at the time of virosome preparation. Typically, the 
therapeutic compound is added to the lipid/hemagglutinin- 
containing solution following removal of the nucleocapsid. 
Alternatively, the therapeutic compound is encapsulated in a 
virosome-liposome hybrid by initial encapsulation of the 
30 compound in a liposome, followed by fusion of the liposome 

with a virosome containing two hemagglutinins with different 
pH thresholds for fusion, as outlined above. 

For administration to host cells the virosomes are 
carried in a pharmaceutically acceptable carrier. Many 
35 pharmaceutically acceptable carriers may be employed in the 
compositions of the present invention. Generally, normal 
buffered saline (135-150 mM NaCl) will be employed as the 
pharmaceutically acceptable carrier, but other suitable 
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carriers will suffice. These compositions may be sterilized 
by conventional liposomal sterilization techniques, such as 
filtration. The compositions may contain pharmaceutical^ 
acceptable auxiliary substances as required to approximate 
physiological conditions, such as pH adjusting and buffering 
agents, tonicity adjusting agents and the like, for example, 
sodium acetate, sodium lactate, sodium chloride, potassium 
chloride, calcium chloride, etc. 

The concentration of virosomes in the carrier may 
vary. Generally, the concentration will be about 20-200 
mg/ml, usually about 50-150 mg/ml, and most usually about 75- 
125 mg/ml, e.g., about 100 mg/ml. Persons of skill may vary 
these concentrations to optimize treatment with different 
virosome components or for particular patients. For example, 
the concentration may be increased to lower the fluid load 
associated with treatment. This may be particularly desirable 
in patients having atherosclerosis-associated congestive heart 
failure or severe hypertension. 

The present invention also provides methods for 
introducing therapeutic compounds into cells of a host. The 
methods generally comprise contacting the cells of the host 
with a virosome containing the therapeutic compound, wherein 
the virosome has a membrane and an aqueous interior, and a 
viral membrane fusion protein, e.g., influenza hemagglutinin, 
is contained in the membrane. The host may be a variety of 
animals, including humans, non-human primates, avian species, 
equine species, bovine species, swine, lagomorpha, rodents, 
and the like. 

The cells may be contacted by An vivo administration 
of the virosomes or ex vivo contacting of the virosomes to the 
cells. In vivo contact is obtained by administration of the 
virosomes to host. The virosomes may be administered in many 
ways. These include parenteral routes of administration, such 
as intravenous, intramuscular, subcutaneous, and 
intraarterial. Generally, the virosomes will be administered 
intravenously or via inhalation. Often, the virosomes will be 
administered into a large central vein, such as the superior 
vena cava or inferior vena cava, to allow highly concentrated 
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solutions to be administered into large volume and flow 
vessels. The virosomes may be administered intraarterially 
following vascular procedures to deliver a high concentration 
directly to an affected vessel. The virosomes may also be 
administered topically. In some instances, the virosomes may 
be administered orally or transdermal ly. The virosomes may 
also be incorporated into implantable devices for long term 
release following placement. 

As described above, the virosomes are typically 
administered intravenously or via inhalation in the methods of 
the present invention. Often multiple treatments will be 
given to the patient. The dosage schedule of the treatments 
will be determined by the disease and the patient's condition. 
Standard treatments with therapeutic compounds that are well 
known in the art may serve as a guide to treatment with 
virosomes containing the therapeutic compounds. The duration 
and schedule of treatments may be varied by methods well known 
to those of skill. 

The dose of virosomes of the present invention may 
vary depending on the clinical condition and size of the 
animal or patient receiving treatment. The standard dose of 
the therapeutic compound when not encapsulated may serve as a 
guide to the dose of the virosome-encapsulated compound. The 
dose will typically be constant over the course of treatment, 
although the dose may vary in some instances. Standard 
physiological parameters may be assessed during treatment that 
may alter the dose of the virosomes. 

The following examples are offered by way of 
illustration and not limitation. 

EXAMPLE I 

This Example illustrates the fusogenicity of 
virosomes. Pyrene-PC-labeled influenza virosomes were fused 
with human erythrocyte ghosts. 

The preparation of the virosomes was as described 
above. Pyrene-PC was incorporated, as also described above, 
to 10 mole% relative to the viral lipid. Fusion was measured 
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after prebinding of the virosomes to erythrocyte ghosts for 15 
minutes at 4 °C and pH 7.4. The suspension was placed in a 
fusion medium of 135 xnM NaCl, 15 mM sodium citrate, 10 inM MES, 
and 5 mM HEPES at 37 °C in a fluorimeter cuvette. At time zero 
the pH in the cuvette was adjusted to 5.1 or maintained at 
7.4. Fusion was detected as a decrease of the pyrene excimer 
fluorescence. Fig. 1 illustrates that the fusion of the 
virosomes is strictly dependent on low pH. 

Intracellular fusion of virosomes to BHK-21 cells 
was also assessed. Pyrene-PC-labeled virosomes were allowed 
to bind to the plasma membrane of trypsinized BHK-21 cells at 
4° for 1 hr in Hank 1 s/HEPES buffer (137 mM NaCl, 5.4 mM KC1, 
0.44 mM KH 2 P0 4 , 0.41 mM MgS0 4 , 0.40 mM MgCl 2 , 1.3 mM CaCl 2 , 5.6 
mM glucose, and 10 mM HEPES, pH 7.4). After washing, the 
virosome-cell mixture was subsequently injected into the 
fluorescence cuvette containing prewarmed (37°) Hanks/HEPES 
buffer. Fusion was monitored as a decrease of the pyrene 
excimer fluorescence. As shown in Fig. 2, after a lag phase 
of 3-4 min, explained by the time required for the virosomes 
to reach the endosomes, the excimer fluorescence decreased in 
1 hr to less than 60% of the initial value, indicating that 
over 40% of the cell-associated virosomes had fused. Under 
the conditions of the experiments, this corresponds to 
approximately 1500 virosomes fused per cell. When performed 
in the presence of 20mM NH 4 C1, an inhibitor of endosomal 
acidification, the fusion was blocked (Fig. 2). 



EXAMPLE II 

This Example demonstrates delivery of Diphtheria 
toxin A (DTA) to the cytoplasm of mammalian cells. DTA is the 
toxic subunit of Diphtheria toxin and very efficiently 
inhibits cellular protein synthesis by ADP-ribosylation of 
elongation factor 2. However, when added to cells, DTA is not 
toxic as it can not bind to cellular receptors for the toxin, 
a capacity that is located on the B subunit of the intact 
toxin. Isolated DTA was encapsulated in virosomes during 
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their preparation. This DTA was delivered to the cytoplasm of 
BHK-21 cells via endocytic uptake of the virosomes and fusion 
at the level of the endosomes. 

The encapsulation of DTA in the virosomes was 
according to the procedure described for encapsulation of 
gelonin set forth in Example 3 below. DTA was dissolved at a 
concentration of about 0.5 mg/ml (25 /iM) in the supernatant 
after ultracentrifugation of the detergent-solubilized virus 
during virosome preparation. The virosomes were incubated 
with monolayers of BHK-21 cells at 4°C for 1 hr. The cells 
were washed as described for gelonin and cultured for 6 hr. 
Protein synthesis was measured by incorporation of 3 H-leucine 
in TCA-precipitable material. 

As shown in Fig. 3, DTA encapsulated in fusogenic 
virosomes induced complete inhibition of the cellular protein 
synthesis (bar 3). In contrast, free DTA (bar 1) or empty 
virosomes (bar 2) had no effect on protein synthesis. The 
effect of virosome-encapsulated DTA was blocked completely 
with NH 4 C1 (bar 4) , or by an antiserum against the 
hemagglutinin (bar 5) . 

EXAMPLE III 

This Example demonstrates introduction of a protein, 
gelonin, into mammalian cells. Large amounts of gelonin were 
introduced into the cells with virosome compositions of the 
present invention. 

Gelonin is a single chain protein, found in the 
seeds of Geloniwi multiflorum which can catalytically 
inactivate 60 S ribosome subunits (Stirpe et al., A. J. Biol. 
Chem. , 255:6947 (1980)). However, gelonin lacks the ability 
to bind to cell surfaces, and is therefore essentially non- 
toxic when added exogenously to living cells. 

Gelonin was encapsulated in the aqueous interior of 
influenza virosomes. Purified influenza virus from strain 
NIB24 (equivalent to about 1.5 ponol membrane phospholipid, 
representing about 5 mg of protein) was diluted in a buffer of 
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neutral pH (e.g. 5.0 mM Hepes, pH 7.4, containing 0.15 M NaCl) 
and sedimented at 4 °C via ultracentrifugation. To the pellet 
0.7 ml of a solution of 100 mM C 12 E 8 * n the same buffer was 
added. The pellet was resuspended, and the virus solubilized, 
by flushing the solution several times through a 25-gauge 
needle, followed by a 15 min incubation at room temperature, 
and a repeated flushing through a 25-gauge needle. Almost 
complete solubilization of the viral membrane proteins and 
lipids was achieved with this method. 

The viral nucleocapsid was removed by 
ultracentrifugation at 4°C. The supernatant containing the 
viral hemagglutinin was added to 0.5 mg lyophilized gelonin. 
The clear supernatant was transferred to a vial containing 
0.18 g wet Biobeads SM-2. This hydrophobic resin bound the 
C 12 E 8' tb us removing it from the solution. The suspension was 
gently shaken (to ensure intimate contact between beads and 
suspension) for 90 min, followed by addition of 0.35 g wet 
Biobeads and another extraction period of 60 min. The 
suspension was removed from the beads and applied on top of a 
discontinuous sucrose gradient, composed of 0.5 ml 40% (w/v) 
sucrose and 2.0 ml 10% (w/v) sucrose in 5.0 mM Hepes (pH 7.2) 
containing 0.15 M NaCl. The gradients were centrifuged for 90 
min. at 170,000xg and 4°C. The virosomes were collected from 
the interface of the two sucrose-containing layers. 

The gelonin-containing virosomes were administered 
to BHK-21 cells. Virosomes at a dose of 5 phospholipid 
were allowed to bind to a monolayer of 5xl0 4 BHK-21 cells for 
1 hour at 4°C. After washing with ice-cold buffer, 
internalization was induced by addition of buffer (pH 7.4) 
warmed to 37 °C At 2, 5, 10, 15, 30 and 60 min following the 
addition of warm buffer, the buffer was replaced by culture 
medium containing 20 mM NH 4 C1. In the control, medium with 
NH 4 C1 was present from time zero. After culturing for 16 
hours, the level of protein synthesis was determined by 
incorporation of 3 H-Leucine. Levels of protein synthesis are 
expressed relative to levels obtained with untreated cells. 

No inhibition of protein synthesis was noted up to 5 
min after induction of internalization of the gelonin- 
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containing virosomes (Fig. 4). This time interval corresponds 
well with the time required for the first virosomes to reach 
the endosomal compartment as described above (see Fig. 2). 
After further incubation, protein synthesis was progressively 
inhibited. After 1 h of internationalization, protein 
synthesis was almost completely blocked. 

The data presented in Fig. 5 demonstrate that the 
inhibition of protein synthesis is due to a hemagglu tin in- 
mediated membrane fusion event between gelonin-containing 
virosomes and the limiting membrane of the endosomal 
compartment. BHK-21 cells were incubated with free gelonin 
(incubated for 3 hr at 37 °C, bar 1) or unloaded virosomes 
(virosomes without gelonin pre-bound for 1 hr at 4 °C and 
internalized for 1 hr at 37 °C, bar 2) as controls. Measurable 
inhibition of protein synthesis did not occur with incubation 
with either free gelonin or unloaded virosomes. Only 
following internalization of gelonin-containing virosomes 
(pre-bound for 1 hr period at 4 °C and internalized for 1 hr at 
37 °C) was protein synthesis blocked (bar 3). Moreover, 
internalization in the presence of 20 mM NH 4 C1 abolished the 
inhibition of protein synthesis (bar 4) , and pre-exposJure of 
virosomes to pH 5.4 at 37 °C for 5 min prior to binding, which 
is known to inactivate the membrane fusion activity, abolished 
inhibition of protein synthesis following internalization at 
37 °C (bar 5). In conclusion, inhibition of protein synthesis 
in living cells by gelonin encapsulated in virosomes is solely 
mediated by HA-specific fusion of the virosomal membrane with 
the limiting membrane of the endosomal compartment. 

Fig. 6 demonstrates that virosomes can fuse with the 
cell plasma membrane mediating the delivery of gelonin* 
Gelonin-containing virosomes prepared as above were allowed to 
bind to a monolayer of BHK-21 cells for 1 hr at 4°C. The 
virosomes were administered at a dose of 5.0 /xM phospholipid. 
After incubation the cells were washed with ice-cold buffer 
and fusion was induced by addition of buffer at 37 °C. Acidity 
of the buffer was adjusted to pH 5.5, 5.6, 5.7, 5.8, 5.9, 6.0, 
6.2, 6.4 and 7.4 in different experiments. After incubation 
for 2 min at 37 °C, the buffer was replaced by culture medium 
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containing 20 mM NH 4 C1. After 16 hr culture at 37 °C, 
inhibition of protein synthesis was determined relative to 
untreated cells. 

Following incubation at pH 5.6, protein synthesis 
was almost completely inhibited. Incubation at pH 6.0 did not 
produce inhibition of protein synthesis. pH 6.0 and pH 5.6 
correspond closely to the threshold and optimum pH, 
respectively, for obtaining lipid mixing of this strain of 
virus with erythrocyte ghosts. Thus, delivery of gelonin, 
encapsulated in virosomes by fusion with the plasma membranes 
of living cells is also dependent on low-pH-dependent 
activation of the fusion activity of HA. 

The efficiency of fusion-mediated delivery of 
gelonin was evaluated. At the lipid concentration at which 
the virosomes are produced about 0.7% of the aqueous phase of 
the liposome- forming solution will be trapped in the lumen of 
the virosomes. It was estimated that approximately 5 
molecules of gelonin were encapsulated per virosome. At doses 
of 20 jzM phospholipid, BHK-21 cells internalize approximately 
3,000 virosomes per cell, when the virosomes are allowed to 
prebind to the cells in the cold and the unbound virosomes are 
washed away before the virosome internalization is induced. 
About 40% of the 3,000 internalized virosomes fuse with the 
endosomal membranes (Fig. 2). Thus, under these conditions 
6,000 copies of molecules having the size of gelonin may be 
delivered to the cytosol of a single cell. When the virosome 
prebinding step in the cold and the subsequent removal of 
unbound virosomes are not carried out, but instead the total 
amount of virosomes is allowed to interact with the cells for 
the 60 min at 37 °C, the relative cellular internalization of 
the virosomes is enhanced about 20-fold. This demonstrates 
that under these conditions more than 100,000 copies of a 
molecule such as gelonin can be delivered per cell. 

Fig. 7 illustrates titration of gelonin-mediated 
inhibition of protein synthesis to a level corresponding to a 
single virosome fusing per cell. When the concentration of 
virosomes was reduced to 0.020 tM phospholipid (corresponding 
with about 2-3 virosomes fusing per cell) inhibition of 
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protein synthesis was 42%. Based on the assumptions that 
virosome internalization by the cells follows a Poissonian 
distribution and that cells either die (100% inhibition of 
protein synthesis) or survive (0% inhibition of protein 
synthesis) it can be estimated that fusion of approximately 3 
virosomes per cell (delivery of about 15 copies of gelonin per 
cell) is lethal. This is close to the minimally possible 
number and, thus, supports the belief that delivery of 
encapsulated macromolecules via fusion-active virosomes is a 
highly efficient way of introducing these substances into the 
cytoplasm of living cells. 



EXAMPLE IV 

This Example demonstrates the delivery of DNA into 
BHK-cells in vitro with virosomes and the expression of the 
DNA in the cells. The plasmid pCMV 0-gal was complexed to 
virosomes containing positively charged phospholipid DODAC , 
and DNA was also encapsulated in virosomes after condensation 
with polylysine to form a particle that was enclosed within 
the virosome. 

For formation of the virosome-DNA complex, virosomes 
were prepared containing different amounts of DODAC. The 
plasmid pCMV jff-gal was complexed to virosomes containing 0, 
10, 20, 30, 40 or 50 mol % DODAC (% of original total phospho- 
lipids in the virus), as follows. The indicated amount of 
DODAC was either lyophilized or dried under a stream of N 2 
followed by vacuum for 2 hours and dissolved in a small volume 
of 200 mM C 12 E 8 . Virosomes were prepared as described in 
Example III, except the 0.7 ml supernatant (after ultracentri- 
fugation in the step to remove the nucleocapsid) containing 
the viral hemagglutinin and viral lipids was added to vials 
containing the different amounts of DODAC. The detergent was 
removed with BioBeads SM-2 and the virosomes isolated on the 
discontinuous sucrose gradient as described above. These 
virosomes (100 nmol total phospholipid) were incubated with 30 
/xg pCMV 0-gal in a final vol. of 200 /il PBS for 30 min at RT. 
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The virosome-DNA complexes were added to a monolayer of BHK- 
cells in 48-well plates (40 /xl/well) and allowed to bind for 
30 min at 37 °C. After this time the culture medium was added 
and the cells incubated for 48 hrs at 37 °C. The following 
controls were used: i) plasmid without virosomes, ii) 
virosomes pre-exposed to pH 5.4 at 37° for 15 min prior to 
formation of the DNA-complex, and iii) culture medium 
containing 20 mM NH 4 C1. The exposure of virosomes to acidic 
pH is known to inactivate the membrane fusion activity of 
virus and virosomes. Ammonium chloride in the cell medium 
increases the normally acidic pH in the endosomal compartment 
thereby preventing fusion of the virosomes with the endosomal 
membrane . 

Expression of /S-gal in BHK-cells is a direct measure 
for the delivery of the plasmid to the cell and its 
incorporation into the nucleus. After a 48 hr incubation the 
cells were either stained for 0-gal activity and photographed 
or lysed and the protein content and 0-gal activity 
determined. The jS-gal activities obtained (expressed in 
munits//xg protein) by treatment with the DNA complexed to 
virosomes containing different amounts of DODAC are shown in 
Fig. 8. Excellent transfection was obtained with virosomes 
containing 30 mol % DODAC. Transfection was also obtained 
with virosomes containing 40 and 50 mol % DODAC , but these 
preparations showed toxic effects on the BHK-cells. No 
transfection was observed when DNA by itself was added to the 
cells. Transfection was also abolished when the virosomes 
were pre-exposed to acidic pH, or when ammonium chloride was 
used in the cell medium to increase the normally acidic pH in 
the endosomal compartment. The acid inactivation and the 
NH 4 C1 data indicate that the delivery of the DNA complexed to 
virosomes was the result of hemagglutinin-mediated fusion in 
the endosomal compartment. 

The DNA binding capacity of the virosomes containing 
30 mol % DODAC was then determined. Different amounts of 3 H- 
pCMVjS-gal were added to virosomes (20 nmol total 
phospholipids) and incubated at RT. After 30 min the 
virosomes were centrifuged (Beckman Microfuge) for 2 min and 
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the radioactivity determined in the supernatant and in the 
pellet. The pellet was washed two times with HBS-buffer and 
dissolved in 200 mM C 12 E 8 prior to the radioactivity 
measurement. The radioactivity determined in, the pellet (•, 
■) and in the supernatant (a, t) of two independent 
experiments are plotted as a function of DNA added to the 
virosomes (Fig. 9). Binding capacity for virosomes with 20 
nmol total phospholipid was reached with 6 fig DNA. 

The amount of DNA required for optimum transfection 
of BHK-cells is shown in Fig. 10. Virosomes containing 3 0 mol 
% DODAC were complexed with pCMV 0-gal (3 /xg DNA/10 nmol total 
phospholipid in virosomes) and added to the cell monolayer to 
give the amount of DNA per well as indicated in Fig. 10. 0- 
gal activity was determined in the cell lysate as units per /xg 
protein and plotted as a function of DNA added with the 
virosome complex. Optimal transfection was obtained with 2.5 
fig DNA per well using 48 well plates. 

All publications, patents and patent applications 
mentioned in this specification are herein incorporated by 
reference into the specification to the same extent as if each 
individual publication, patent or patent application was 
specifically and individually indicated to be incorporated 
herein by reference. 

Although the foregoing invention has been described 
in some detail by way of illustration and example for purposes 
of clarity of understanding, it will be obvious that certain 
changes and modifications may be practiced within the scope of 
the appended claims. 
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WHAT IS CLAIMED IS: 

1 1. A pharmaceutical composition for introducing a 

2 therapeutic compound into a cell of a host, comprising: 

3 a virosome having a membrane and an aqueous 

4 interior, wherein a viral membrane fusion protein is contained 

5 in the membrane; 

6 a therapeutic compound contained in the virosome; 

7 and 

8 a pharmaceutical^ acceptable carrier. 

1 2. The pharmaceutical composition of claim 1, 

2 wherein the therapeutic compound is contained in the aqueous 

3 interior of the virosome. 

1 3. The pharmaceutical composition of claim 1, 

2 wherein the therapeutic compound is contained in the membrane 

3 of the virosome. 

1 4. The pharmaceutical composition of claim 1, 

2 wherein the therapeutic compound is a nucleic acid molecule. 

1 5. The pharmaceutical composition of claim 4, 

2 wherein the nucleic acid molecule is DNA. 

1 6. The pharmaceutical composition of claim 4, 

2 wherein the nucleic acid molecule is RNA. 

1 7. The pharmaceutical composition of claim 1, 

2 wherein the amino acid sequence is a peptide or protein. 

1 8. The pharmaceutical composition of claim 1, 

2 wherein the therapeutic compound is foreign to the host- 

1 9. The pharmaceutical composition of claim 1, 

2 wherein the virosome membrane comprises phosphatidylserine or 

3 octaethyleneglycol monododecyl ether. 
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1 10. The pharmaceutical composition of claim 9, 

2 wherein the virosome membrane further comprises cholesterol. 

1 11. The pharmaceutical composition of claim 1, 

2 wherein the viral membrane fusion protein is influenza 

3 hemagglutinin. 

1 12. The pharmaceutical composition of claim 10, 

2 wherein the influenza hemagglutinin is prepared from influenza 

3 3A virus. 

1 13. A pharmaceutical composition for introducing a 

2 therapeutic nucleic acid into a cell of a host, comprising a 

3 virosome having a membrane and an aqueous interior, wherein 

4 the virosome membrane comprises a viral membrane fusion 

5 protein and a cationic lipid suitable for complexing said 

6 nucleic acid to the virosome, the therapeutic nucleic 

7 complexed to said virosome, and a pharmaceutically acceptable 

8 carrier. 

1 14. The pharmaceutical composition of claim 13, 

2 wherein the cationic lipid is DODAC (N,N - dioleyl - N,N, 

3 dimethyl ammonium chloride) . 

1 15. The pharmaceutical composition of claim 14, 

2 wherein the DODAC is present in a concentration of 25-45% 

3 phospholipid content. 

1 16. The pharmaceutical composition of claim 13, 

2 wherein the therapeutic nucleic acid is DNA or antisense RNA. 

1 17. A method for introducing a therapeutic compound 

2 into a cell in a host comprising contacting the cell with a 

3 virosome containing the therapeutic compound, wherein the 

4 virosome has a membrane and an aqueous interior, and a viral 

5 membrane fusion protein is contained in the membrane. 
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1 18. The method of claim 17, wherein the therapeutic 

2 compound is a nucleic acid molecule. 

1 19. The method of claim 18, wherein the nucleic 

2 acid molecule comprises the following operably linked 

3 elements : 

4 a transcriptional promoter, 

5 a gene encoding a therapeutic protein, and 

6 a transcriptional terminator. 

1 20. The method of claim 17, wherein the therapeutic 

2 compound is a peptide or protein. 

1 21. The method of claim 17, wherein the therapeutic 

2 compound is foreign to the host. 

1 22. The method of claim 17, wherein the virosome 

2 membrane comprises phosphatidylserine or octaethyleneglycol 

3 monododecyl ether. 

1 23. The method of claim 22, wherein the virosome 

2 further comprises cholesterol. 

1 24. The method of claim 17, wherein the host cell 

2 and the virosome are contacted by topical administration. 

1 25. The method of claim 17, wherein the virosome is 

2 administered parenteral ly. 

1 26. The method of claim 17, wherein the viral 

2 membrane fusion protein is influenza hemagglutinin protein 

1 27. The method of claim 26, wherein the 

2 hemagglutinin protein is derived from influenza A. 

SUBSTITUTE SHEET 



WO 95/32706 



PCT/CA95/00321 



30 

1 28 . A method for preparing a composition for 

2 introducing a nucleic acid into a cell of a host, comprising: 

3 condensing the nucleic acid with polylysine to form 

4 nucleic acid particles, 

5 combining the nucleic acid particles with a mixture 

6 of a viral membrane fusion protein, lipid and detergent; and 

7 removing the detergent to form a virosome having a 

8 membrane and an aqueous interior and the viral membrane fusion 

9 protein is contained in the membrane, thereby passively 

10 encapsulating the nucleic acid particles in the interior of 

11 the virosome. 
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